• are aware of the shortcomings of present health care procedures, systems and solutions well before mainstream users, • are instrumental by themselves to produce innovative (incremental and substantial or transformational) solutions to clinical problems which others have not yet recognized, • are considered particularly innovative when they find solutions to problems with a high clinical impact, • are prepared to take risks in an attempt to decrease uncertainty about the outcome of clinical workflows, and • partner with Lead Innovators and developers.
Since 2005, it has taken another 12 years and the inception of the CARS Journal to start to spotlight these Lead Users and to provide them with a platform to publish their original clinical investigations in a high impact journal with a very interdisciplinary and international readership. Managing changes to a traditional clinical workflow are a difficult hurdle to undertake, particularly, if they are in conflict with the gold standard Evidence-Based Medicine (EBM). For example, who would be prepared to provide Model-Based Medical Evidence (MBME) for patient-specific decision making a higher priority than classic, i.e., clinical trial-based (but non-patientspecific) decision making? (3) How do these methods/tools potentially impact clinical outcome for the patient, i.e., what is the expected/verified innovation for improved outcomes and their statistical significance?
Typical examples for this aspect relate to features such as procedural invasiveness, duration and accuracy, reducing the effective radiation dose for the patient (and physician), volume of contrast agent, better metrics on resection margins during surgery, reduction in intraoperative blood loss/hemorrhage or reduction in iatrogenic damage and preservation of critical structures.
Ideally, in order to be publishable, all of these features need to be supported by reproducible statistics and/or the implementation of some de-biasing strategies.
Well-designed and well-conducted clinical investigation should eliminate or minimize clinical biases (which potentially can be a long list). For example, groups of patients for treatment and control need to be randomized in order to increase the validity of a study. If a clinical study relies on patient self-assessment or physician assessment of patient status, it is susceptible to assessment bias.
A publication should show awareness of the relevant biases and point out which de-biasing steps have been taken. To ascertain statistical significance by some mathematical means is certainly a valuable approach but in case of "small numbers", which frequently can be observed for innovative clinical investigations, this may not always be realizable and should therefore be appropriately considered in clinical judgment and decision making.
The following contains a brief synopsis of eleven papers in the field of CARMIT, CAOS and CANHS published in this IJCARS issue, in the light of the three aspects indicated above.
Computer Assisted Radiology and Minimally Invasive Therapy (CARMIT)
A novel robotic system for IRE of the liver is presented, comparing the manual with the robot-supported workflow. Important outcome criteria selected relate to the procedural duration and accuracy but also to the reduction in radiation dose for the physician and the patient. The validity of this study is based on 35 patients (40 cases) and is investigated with the JMP statistics software package. Considering that the study comes from a single-center set-up with a low number of procedures (19 manual and 21 robotic), it limits generalization of the given very promising results.
(2) Computer-aided evaluation of low-dose and low-contrast agent third-generation dual-source CT angiography prior to transcatheter aortic valve implantation (TAVI)
A commercially available software package for computeraided evaluation of angiograms from a third-generation dual-source CT system is being employed to produce a variety of metrics that can impact the TAVI workflow. Important outcome criteria indicate a systematic overestimation of the computer-aided evaluation for one specific metric, but this has been achieved with half the volume of contrast agent and less than one-fifth of the effective radiation dose. The validity of this study is based on 30 patients and is investigated with the SPSS statistics software package.
(3) Quantification of motion of the thoracic aorta after ascending aortic repair of type-A dissection A custom software package for creating patient-specific 3D models and geometric measurements from CTAs to better understand the workflow implied in graft repair of ascending aortic dissections. It is concluded that the relationship between geometric measurements and clinical outcomes is not well understood. The validity of this study, which is based on only eight patients with no statistical analysis, is very limited.
(4) Evaluation of tongue squamous cell carcinoma resection margins using ex vivo MR Digital photography and ex vivo 7T MR are being used to facilitate matching between histopathology slices (as the gold standard) and MR images. Registration is done by hand, but it is envisaged that for the surgical workflow of TSCC resection with a 3T MR located in the operating room and appropriate rigid and/or non-rigid registering of MR and histopathology data by post-processing software, a much better outcome for patients as regards minimal resection margin may be possible. To achieve this, the authors seek collaborations with industrial partners and technical and IT experts. The validity of this study, which is based on only ten patients with no statistical analysis, is very limited.
Computer Assisted Orthopaedic Surgery (CAOS)
( It can, however, be also of an additional help for screw implantation in challenging regions with poor visualization. The study presented in the paper was carried out on ten lumbar spine models of which five were positioned on an operating table in a hybrid-OR with a new laserguided technique used to insert the pedicle screws, the other five models were used for standard fluoroscopic screw implantation. GraphPad PRISM 5 was used for the statistical analysis with the Mann-Whitney-U test to assess differences in the guided group versus the nonguided group. reduced rate of errors in the histological specimen orientation and an increased distance of the tumor from the margins of resection, thereby improving the oncological safety for a selected group of patients. The objective of this prospective pilot study (with no statistical analysis) was to develop a protocol to be validated on a larger group of patients in follow-up studies.
Computer Assisted Head and Neck Surgery (CANHS)
(2) Minimally invasive, multi-port approach to the lateral skull base: a first in vitro evaluation 
